
I, Ikuzo Tanaka, declare as follows- 

1. I am a citizen of Japan residing at 24-5, Mejirodai 4-chome, Hachioji"shi, 
Tokyo, Japan. 

2. To the best of my ability, I translated relevant portions of: 

Plastic Age, Mar. 2002, pp. 130-132 

from Japanese into English and the attached document is a true and accurate 
abridged English translation thereof. 

3. I further declare that all statements made herein are true, and that all 
statements made on information and belief are believed to be true?" and further that 
willful false statements and the like are punishable by fine or imprisonment, or both, 
under Section 1001 of Title 18 of the United States Code. 

Date: April 19, 2005 JjLtL.y- S7a ^^J>^^ 

Ikuzo Tanaka 



ABRIDGED TRANSLATION 

Plastic Age, Mar. 2002, pp. 130-132 

Title* Characteristic Features of Polyimide- Silica Composites 

Author^ Hideki Goda and Takayuki Fujiwara 

Speciality Chemicals Dept., R&D Center 
Arakawa Chemical Industries, Ltd. 

Introduction 

Recently, much attention has been paid to a sol-gel hybrid 
composition formed by hardening a sol" gel composition obtainable from the 
addition of a metal alkoxide represented by alkoxysilane to a polymer 
solution, and the sol-gel hybrid composition is in the stage for practical 
application. The organic/inorganic hybrid materials thus obtained make it 
possible to add various kinds of inorganic properties such as hardness, heat 
resistance, etc. not possessed in organic polymers alone to the organic 
polymers. With respect to polyimides, although their composites with 
silica have been reported, they are only composites dispersing fine particles 
having a particle size of microns, where the hydrogen bond interaction 
between silanol and a segment of polyamic acid or polyimide is established, 
these PAI-silica composites are not enough as those composed of fine siUca 
particles having a particle size of ca. 1 p.m. 

Our newly established silica-hybridizing process using a sol-gel 
hybridizing process makes it possible to uniformly disperse super fine silica 
particles into a polymer film as compared with the sol-gel hybridizing 
process using the hydrogen bonding mentioned above. The 
silica-hybridizing process uses an alkoxysilane oligomer obtained by 
preliminarily polymerizing an alkoxysilane without using the corresponding 
alkoxysilane monomer, followed by subjecting a part of the alkoxysilane 
oligomer to having a functional group to be grafted to a specified position of 
a polymer. The grafted alkoxysilane oligomer portion is allowed to 
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evaporate a solvent contained therein and to harden the polymer 
simultaneously with sol- gel hardening, thereby obtaining silica. The 
resulting composite is constituted as a hybrid composition at a molecular 
level (molecular hybrid) undoubtedly having ultra fine particles with a 
particle size of a nanometer scale or less, and is formed on the remarkably 
wide selection of polymer kinds, solvents, conditions for the film formation, 
etc. as compared with those for the conventional sol-gel hybridizing process. 

1. Preparation of Composites 

Methoxysilane oligomer is a silane-modified polyamic acid solution 
("composelane H800" manufactured by Arakawa Chemical Industries, Ltd.) 
composed of a main chain of a typical polyamic acid constituted by 
PMDA(pyromellitic acid) and ODA(oxadianiline), of which part is grafted by 
a methoxysilane oligomer as a side chain. This silane-modified polyamic 
acid was coated on a substrate, and followed by sol-gel hardening of the 
alkoxysilane portion simultaneously with ring closure reaction of the 
polyamic acid portion to provide a film of poly imide- silica composites (see 
scheme (l) below). 
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A surface of the polyimide-silica composites film (a weight ratio of 
polyimide/silica = 92/8) observed by a TEM is shown in Fig. 1 below, 
clarifying that super fine silica particles having a particle size of ca. 5 nm 
dispersed uniformly into the resin. 




Fig. 1 Surface of poiyi mi de-silica 
composites film by TEM 



2- Mechanical Properties 

Mechanical properties of the polyimide- silica composites film are 
superior in tensile strength and elastic modulus to those of polyimide film 
as shown in Table 1 below, regarding as very promising in the materials 
required the strength therein. 



Table 1 



Mechanical pro 


perties 


Item 


Unit 


Silica Content (%) 


0 


8 


Tensile Strength 


MPa 


107 


199 


Elongation 


% 


63.2 


27.6 


Elastic Modulus 


GPa 


1.5 


4.02 



The silane-modified polyamic acid solution was cast on several kinds 
of substrates and hardened them under the conditions mentioned above to 
obtain the respective films having a thickness of 25 pm coated on the 
corresponding substrates. Adhesion of the polyimide -silica hybrid 
composition film on the respective substrates was evaluated by a peeling 
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test with a grid pattern at right angles. The results are shown in Table 2 
below. 

Table 2 

Peeling test with grid pattern at right angles 



( 


:JIS K 5400) 


Substrate 


Silica Content (%) 


0 


8 


SUS 


X 


O 


Aluminum 


X 


A 


Copper 


X 


A 


Tinplate 


X 


X 



Note: O: 100-90/100, 

A: 89-50/100, and 
X: 49-0/100 



Although the polyimide has no adhesion on almost all substrates, the 
polyimide-silica hybrid composition thus obtained is excellent in the 
adhesion to SUS, not stretched copper, etc., thereby showing the adhesion 
equal to epoxy resins, regarding as very promising in the two layer 
substrate with using no adhesive. 

Since the adhesion of the polyimide-silica composites film has been 
developed after hardening, it is possible to directly make plating on the 
surface of the composites film (see Fig. 2 below). The direct plating as such 
makes is possible to obtain an electrically conductive thin film, regarding as 
very promising in a drastic decrease in the process cost due to no use of 
sputtering process. 
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Composites film Cu-plated layer 




(Released from Okuno Pharm. Ind. Co., Ltd.) 
Fig. 2 Photograph of plated layer 

A surface state of the composites film observed by an AFM shows a 
specific structure having unevenness of the surface, which presumably 
produces a good effect on the adhesion of the plating (see Fig. 3 below). 




Polyimide Polyimide-silica composites 

Fig. 3 Surface of film by AFM 



3. Thermal Properties and Electrical Properties 

As is clear from thermal properties of the polyimide-silica composites 
film shown in Table 3 below, the composites film is high in Tg while low in 
heat shrinkage, showing to be sufficient in reliability. 
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Table 3 



Thermal properties 



Item 


Unit 


Silica Content (%) 


0 


8 


T« 


°C 


412 


445 


Linear Expansion Coef. 


ppm/°C 


31 


35 


Heat Shrinkage 


% 


0.58 


0.23 


Thermal Conductivity 


W/m k 


0.95 


0.64 


Thermal Decomp. Temp. 




534 


560 



Table 4 below shows typical electrical properties of the composites 

film. 

Table 4 



Electrical properties 



Item 


Silica Content (%) 


0 


8 


Dielectric Loss Tangent 


3.42 


3.42 


Dielectric Constant 


0.0077 


0.0090 



4. Future Perspective 

Polyimide silica composites are a new material having an excellent 
adhesion to substrate achieved by improving the adhesion to substrates, a 
weak point found in the conventional polyimides, based on the hybridizing 
effects of silica thereon. The polyimide-silica composites at a molecular 
level do not have the weak property as such, and thus the development of 
these composites might make it possible to extend the area of industrial 
application of the polyimides as engineering plastics. 
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1.5 
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m3 







SiO, (wt%) 


0 


8 




r 


412 


445 




ppm/X) 


31 


35 


a ^ 


% 


0.58 


0.23 


fii ^9 ?f 


W/mk 


0.95 


0.64 




x: 


534 


550 



m i^i^t^^h ^ < 4' o -c 0 . m m^<n \% 
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SiO, (wl%) 


0 


8 


m m ji: m= 
m 7S !f 


3.42 
0.0077 


3.42 
0.0090 
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